Abstract 2014 A « critical » degree of polydispersity is postulated beyond which liquid and crystalline states merge. For a system with a triangular particle-size distribution, the disappearance of the melting transition is estimated to occur at levels of just less than 30 % polydispersity.
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64. 70D -82.70 Freezing occurs at a first-order phase transition when the free energy of an ordered state (crystal) becomes lower than the free energy of a disordered state (liquid). On the solid side of the transition, the thermodynamically unfavourable change in configurational entropy is more than offset by the favourable change in total configurational energy, a situation that becomes optimized when all particles in the system are identical -as in a pure atomic or molecular material. In real colloids the particles are usually not identical, and the effect of polydispersity on the order-disorder transition is towards disruption of the crystalline state, since particles with radii much greater than the mean cannot easily be accommodated on a lattice at low potential energy without breaking down long-range order.
Theory shows [1, 2] [3, 4] that the orderdisorder transition region narrows with increasing polydispersity. An obvious inference is that the freezing transition disappears altogether above a certain « critical» degree of polydispersity, so that only glassy states are observed at high density. The exact position of any merging of fluid and crystalline states will undoubtedly depend on the shape of the particle-size distribution and the nature of the interparticle forces. That being said, it seems reasonable to expect similar behaviour for all systems of strongly repulsive particles whose sizes are distributed symmetrically about the Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyslet:01985004606022900 mean. It therefore seems worthwhile to estimate a « critical » degree of polydispersity from the simulation data obtained previously [4] .
Consider an assembly of spherical particles with radii distributed according to the triangular function where P(a) da is the probability of finding a particle with radius lying between a and a + da, 5 is the most probable radius, and 6 is the degree of polydispersity. We assume that particles interact with pairwise-additive colloid-type potentials of the form where rij is the distance between particle centres i and j. The [4, 5] . For the model system in its monodisperse form (b = 0), the computed volume change on melting, 10.0 :!: 0.5 %, is the same as that found for hard spheres [6] . This result demonstrates the considerable « hardness » of the chosen colloid potential at this electrolyte concentration (0.1 mol m-3) compared with softer-sphere potentials of the general form r-n ; with n = 12, for example, the volume change on melting is only 3.8 % [6] .
In their simulations of the Lennard-Jones system, Streett et al. [7] found that state points mapped out an S-shaped curve in pressure-volume space; and they were able to locate the position of the order-disorder transition by means of a Maxwell « equal area » construction by analogy with the van der Waals loop in the gas-liquid regime. We adopt the same procedure here in analysing our colloid simulation data. That is, at each degree of polydispersity, the tie-line is located by the method of Streett et al. [7] . We acknowledge that the method is not rigorous, but it gives excellent agreement with the « exact » procedure of Hoover and Ree [8] [9] occur at slightly higher pressures, but the general dependence on 6 is much the same. In the treatment presented here, we have assumed that the change in the phase diagram of the simulated colloid with increasing polydispersity is valid in the thermodynamic limit, and that the transition remains effectively first-order throughout. We find that the crystalline state is wholly disrupted once the distribution of particle sizes reaches a level of ca. 30 % polydispersity. Irrespective of the nature of the particle-size distribution function or the interparticle forces, one can expect all highly polydisperse systems to exhibit glass formation in preference to crystallization.
